Following the results of a study carried out for the neighbouring Sicilian region, this paper reports a study of the applicability of the annual value, F , of the Arnouldus index to represent the erosion risk in Calabrian region. Firstly, By using 214 values of the mean annual value of the erosivity index, F F , and a Kriging interpolation method, an isoerosivity map is plotted. Then, in order to predict the erosion risk for an event of any return period, the probability distribution of the F aJ index is studied. An in situ statistical analysis, carried out by using candidate distributions with two parameters (Gauss, LN2, EV1 and Weibull distribution), showed that the EV1 and LN2 laws were characterized by the best fit to the empirical Cumulative Distribution Function (CDF). In order to establish the theoretical CDF to use as a regional parent distribution, the descriptive ability of the LN2 and EV1 distributions was also studied by a hierarchical regional procedure. Finally, the analysis showed that for each Calabrian sub-region, characterized by a constant value of the coefficient of variation, the erosion risk index was constant.
INTRODUCTION
The rainfall factor R of the Universal Soil Loss Equation (USLE) (Wischmeier & Smith, 1978 ) is a useful tool for establishing areas of soil erosion risk in which soil conservation structures are necessary. Sometimes the knowledge of the spatial distribution of R is the only tool available for use in a region where the lack of pedological, morphological and cultural data does not allow a more detailed analysis (Ferro et al, 1991) . For these reasons many researchers have plotted regional isoerosivity maps, i.e. maps with contour lines of the same value of the rainfall factor, and proposed simplified methods for its evaluation in a region with few recording raingauge data (Ateshian, 1974; Arnouldus, 1980; Bergsma, 1980; Bolinne et al, 1980; D'Asaro & Santoro, 1983; Sheridan et al, 1989; Ferro et al, 1991; Bagarello, 1994) .
Open for discussion until 1 June 1997 Arnouldus (1980) proposed the following index based on studies carried out in North Africa and the Middle East (FAO, 1967 (FAO, , 1977 :
U . (P,) 2 F-r i=i in which /?,. is the mean rainfall depth (mm) of each month i in a period of N years and P is the mean annual rainfall value for the same period. Arnouldus (1980) showed that the F index is a good approximation for R to which it is linearly correlated.
In order to take into account the actual monthly rainfall distribution during each year 7 of a period of N years, an annual value F aj of the F index can be calculated (Ferro etal, 1991 in which p u is the rainfall depth (mm) in month i of year J and P, is the annual rainfall depth of year J.
The F aJ index preserves for each year the link between the monthly rainfall depths and the corresponding annual rainfall.
The R index, calculated for a period of JV years, can be correlated with the mean value F F of the N annual F a values:
The F F index was used to determine the erosion risk for Sicily (Ferro et al., 1991) and the analysis, carried out using 41 recording raingauges, showed that R was linearly correlated to F F and that R was correlated better with F F than P (Fig. 1) . Bagarello (1995) , analysing F and P data from different European areas (Bergsma, 1980; Bolinne et al., 1980; Gabriels et al, 1986) , showed that the Arnouldus index F was strongly linearly correlated to the mean annual rainfall depth P:
In Table 1 , for each region investigated by Bagarello (1995) , the b" and 6, coefficients, the correlation coefficient r and the mean square error MSE are listed. This means that the mean annual rainfall can be used for indirectly estimating R because the more time-consuming F index is strongly correlated to P (Bolinne et al., 1980) . Ferro et al. (1991) , by analysing the empirical cumulative frequency distribution of the ratio RIF F for 41 Sicilian recording raingauges, showed that, for calculating R values by using F F values, a simple scale factor, equal to 0.53 for Sicily, could be used. Firstly, in this paper, by using both at-site and regional statistical analysis, the theoretical probabilistic model which agrees better with the empirical cumulative distribution function (CDF) of the F aj index is established. Then, since the knowledge of the mean annual value F F of the rainfall erosivity index does not by itself allow one to predict the erosion risk for events having different return periods, an erosion risk index is also estimated. 
DATA USED IN THIS RESEARCH
The data used in this research are the Calabrian monthly and annual rainfalls published by the Italian Hydrographie Service. The rainfall data were recorded at 237 non-recording raingauges (one raingauge per 85 km 2 ) in the period 1951-1987. Figure 2 compares, for a given threshold value TV of the sample size, the number of Calabrian recording and non-recording raingauges having a sample size equal to or greater than the TV value. Figure 2 shows that for the Calabrian region the non-recording raingauge data are more numerous than those of the recording gauges.
The following statistical analysis was carried out by using 214 non-recording raingauges with a sample size greater than or equal to 20 years.
RESULTS

Analysis of the statistical parameters of the F aj index
At first, for each raingauge, the mean value F F , the standard deviation a(F a J), the coefficient of variation CV and the skewness G were estimated. In particular this last statistical parameter was estimated by the following relationship which is to be used for samples with a short sample size N:
in which m 2 is the second order moment and m 3 is the third order moment.
By using 214 values of the erosivity index F F and a Kriging interpolation method the isoerosivity map of Fig. 3 was plotted. Figure 3 shows that F F values ranged from 90 to 375 mm and that the highest F F values occurred in the southern and southeastern zones of the Calabrian region where the highest mountains stand.
Probability distribution of F aJ index
The knowledge of the mean value F F (Fig. 3 ) may provide long term average soil loss prediction for an area, but does not by itself allow one to predict the erosion risk for events of different return periods. Sites with the same F F value can be characterized by different erosivity index values, F a r , for storms of various return periods T.
For this reason each site has to be characterized by an erosion risk index which, according to previous results (Ferro et al., 1991) , can be assumed equal to the ratio between the F O0 quantile corresponding to a return period of 50 years and the mean annual value F F . The estimate of the F aJ quantile, corresponding to a return period of T years, needs a choice of the theoretical distribution function which agrees with the empirical CDF of the annual rainfall erosivity index F aJ . At first an at-site procedure was followed and for each of 163 Calabrian raingauges, having a sample size greater than or equal to 30 years, the suitability of four theoretical distributions was checked and compared.
In order to reduce the uncertainty of the at-site estimates of the quantiles due to limited sample size, it was decided to examine theoretical probability distributions with two parameters such as the normal distribution (N), the log-normal distribution (LN2), Gumbel's distribution (EV1) and Weibull's CDF (WE). As usual, the choice of best distribution is based on a posteriori examination of the goodness of the fit of the theoretical CDF to the empirical one in the range of the observations.
The statistical analysis showed that, particularly for frequency values greater than or equal to 0.9 (T> 10 years), among the candidate distributions the EV1 and LN2 were characterized by the best fit to the empirical CDF. Figure 4 shows, for four Calabrian raingauges, the comparisons between the empirical CDF and the candidate theoretical distributions. For the LN2 distribution in particular, for each probability P(F aJ ) value the corresponding F aJ was calculated by the Gauss dimensionless variable having the same probability P(F aj ) and by log moments. The quantile F a50 estimated by using a single sample and EV1 and LN2 distributions were also compared. The quantile F a50 of each theoretical distribution, useful for calculating the erosion risk index, was estimated by the corresponding dimensionless variable u. For the EV1 distribution the result was:
a in which M 50 is the EV1 dimensionless variable corresponding to a return period of 50 years and equal to 3.9, and a and p are two statistical parameters of the EV1 distribution depending on the mean 
in which u so is the LN2 dimensionless variable corresponding to T = 50 years and equal to 2.051, u.(y) and a(y) are the mean and the standard deviation of the variable y = in/v Figure 5 compares the erosion risk index F 5Q /F F estimated by the EVl distribution (ordinate) with the same index estimated by LN2 law (abscissa). Figure 5 shows that the two selected probabilistic models allow comparable at-site estimate of the quantile F a50 . The at-site frequency analysis was not able to provide a final result about the choice of the theoretical probability distribution for the F aJ index. In fact the same candidate distributions which provide a good at-site quantile estimate F aJ , can also provide highly uncertain estimates when the probabilistic model is used as a regional parent distribution.
As a preliminary to test the EVl distribution as a regional parent distribution a skewness test (Matalas et al., 1975) was carried out. For each raingauge the sample skewness coefficient G was compared with the expected theoretical skewness E(y) which depends on the sample size N (Matalas et al., 1975) (Fig. 6(a) ). The statistical hypothesis is accepted, with a probability level equal to 95%, if the absolute value of the difference between G and E(y) is less than twice the expected standard deviation of the skewness coefficient cr(y) (Fig. 6(b) ). The test showed that only for 26 of the 163 Calabrian raingauges the EVl distribution could not be used as a regional parent distribution.
In order to reduce the uncertainty of the quantile estimate F aJ , which is high when the return period is much larger than the sample size N, the theoretical CDF has to be able to reproduce the statistical characteristics (skewness, coefficient of variation, mean) of all observed samples in the region (descriptive ability) and a regional estimate technique of the model parameters has to be used (Wiltshire, 1986; Cunnane, 1988; Cannarozzo et al., 1991) .
The regionalization procedure used was hierarchical and can be broken down into three sequential levels. At the first level the skewness G is assumed constant over the whole region examined. At the second level the region is divided into smaller areas, named homogeneous sub-regions, in which the coefficient of variation CV is constant. At the third level, each raingauge is characterized by its scale parameter which is assumed equal to F F .
For each regionalization level the assumed hypothesis (for example, G = constant) has to be verified. In other words, the statistical behaviour of the regional model is verified by comparing the theoretical regional distribution of the considered statistical parameter with the observed regional CDF (Cunnane, 1989) .
At the first level the empirical pairs (CV, G) of all Calabrian raingauges were initially compared (Fig. 7 ) in natural space with the following theoretical relationships (Haan, 1977; Alexander et al., 1969) : G=CV 2 +3CV (10) for the LN2 distribution, and G = 1.1396 (H) for the EV1 model.
The differences between the empirical and theoretical values seen in Fig. 7 can be due to the strong dependence of the G estimate on sample size. In other words, the differences are probably not due to the spatial variability of skewness in the region studied and depend on the time sampling variability which increases with the order m of the moments.
For this reason the regional empirical CDF of the skewness was compared with the skewness CDF of 1000 samples generated by a Monte Carlo technique, with a sample size of 33 years (mean sample size) distributed according to a given probabilistic law (EV1, LN2).
In Figure 8 (b) a comparison between the generated and empirical skewness CDF is shown and was determined by using samples of the variable y = lnF aJ .
Monte Carlo experiments (Fig. 8) show that the EVl distribution reproduces the empirical CDF of the skewness coefficient.
At the second level, the Calabrian region was divided into three sub-region (T, C and J of Fig. 9 ) which were determined by Versace et al. (1989) examining the annual maximum daily rainfall by a cluster analysis technique. Since the F aj variable is calculated with raingauge data, it was initially verified that the three Calabrian sub-regions were also characterized by a constant value of the coefficient of variation CV. For each Calabrian sub-region, the empirical couples (N, CV) are plotted (Fig. 9) . For each sub-region the coefficient of variation can be assumed constant and equal to the mean value, CV sr , of the CV values corresponding to the raingauges belonging to the selected sub-region.
For testing the descriptive ability of the EVl model and the statistical hypothesis that the CV sr is an estimate of the sub-regional coefficient of variation, for each subregion the empirical CDF of CV was compared with the coefficient of variation CDF of 1000 samples generated by a Monte Carlo technique with a sample size equal to 20 years. For the three Calabrian sub-regions, Fig. 10 shows that the EV1 distribution having a sub-regional coefficient of variation equal to CV sr was able to reproduce the empirical CDF of the coefficient of variation.
For the entire Calabrian region, Fig. 11(a) shows that the residuals CV -CV r , in which CV r is the mean regional CV value equal to 0.343, are not correlated with the mean F F . Figure 11 (b) shows that this correlation did not exist in each Calabrian subregion also. Furthermore Fig. 12 shows that the residuals e = CV -CV sr were normally distributed in each sub-region.
In order to develop a predictive capability for the rainfall erosivity index F aJ , the erosion risk index equal to the ratio F a $JF F can be calculated for each raingauge in a given Calabrian sub-region. For each raingauge equations (7) and (8) Substituting equations (12) and (13) into equation (6) and rearranging:
For each sub-region equation (14) shows that the erosion risk index is only dependent on CV sr and consequently can be assumed constant. According to this result, which is dependent on the selected theoretical probabilistic model, on the regionalization procedure for the G and CV coefficients and on the estimation method for the two parameters a and P of the EV1 distribution, the Calabrian region is characterized by three erosion risk sub-regions. For each raingauge in a given sub-region the erosion risk index F aS0 /F F assumes the same value which has to be estimated by equation (14) .
In other words, areas having the same mean annual rainfall erosivity index are exposed to different erosive events having the same return period T only if they belong to different erosion risk sub-regions.
CONCLUSION
Presently the Universal Soil Loss Equation is still the model most widely applied to estimate the mean annual soil loss of a given area. The rainfall erosivity index of the USLE is currently used as a tool for establishing soil erosion risk areas in which soil conservation structures are necessary.
In this paper, according to the results of a study carried out for the neighbouring Sicilian region, the possibility of using the annual value F aj of the Arnouldus index (equation (2)) to represent the erosion risk in the Calabrian region has been studied. At first, by using 214 values of the erosivity index F F (equation (3)) and a Kriging interpolation method, the isoerosivity map was plotted. Then, in order to predict the erosion risk for an event of any return period, the probability distribution of the F aj index was studied.
The statistical analysis showed that an EV1 distribution was able to reproduce the empirical CDF of both the skewness and the coefficient of variation.
For developing the predictive ability of the rainfall erosivity index F aj , an erosion risk index equal to the ratio between the F a50 quantile, corresponding to a return period of 50 years, and the mean annual value F F was used.
The analysis also showed that for each Calabrian sub-region, characterized by a constant value of the coefficient of variation, the erosion risk index was constant.
In conclusion, for the Calabrian region, the hydrological sub-regions are also erosion risk sub-regions and areas with the same F F value are exposed to different erosive events having the same return period T only if they belong to different erosion risk sub-regions.
